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RESULTS OF COLD PLUME TESTS OF THE 0.010-SCALE
MODEL (75-0TS) IN THE NASA/AMES RESEARCH
CENTER 11x11-FOOT WIND TUNNEL (IA300)

ABSTRACT

by

J.G.R. Collette
Rockwell International STS Group

Tests were conducted in the NASA/Ames R:search Center 1lxll-Foot Transonic
Wind Tunnel to determine the effects of gaseous and solid plumes on the
forebody pressure distributions of the Space Shuttle Integrated (Launch)
Vehicle. A 0.010-Scale model (75-0TS) of the Space Shuttle was employed
for this test. High-pressure air was routed through the model support
struts and calibrated nozzles to simulate the SSME and SRB plumes. The

SSME and SRB plumes were separately throttleable.

The test was conducted in three phases. The first phase employed a dual

strut configuration in which the Orbiter was supported by a dorsal strut

located at the vertical tail location. This configuraticn permitted free
flow in the Orbiter/ET interstage area. The attach structures were
simulated but were not attached to the orbiter. The second test phase

utilized a single strut that carried air and instrumentation for the SRB's,
ET and Orbiter. A strut between the ET and Orbiter carried air to the
Orbiter. This arrangement allowed free air flow over the upper surface of
the Orbiter. The third phase of the test employed MSFC-designed solid

plume simulations in lieu of gaseous plumes.
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ABSTRACT (Comcluded)

SRB and SSME power settings were determined by matching base pressures to
STS~-1 through 4 flight data. After determining proper power settings,
surface pressure data, elevon hinge moment data and wing load data were
recorded at each Mach number between 0.6 and 1.4, angles of attack from

-8 to +4 degrees and angles of sideslip from -4 to +4 degrees.
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INTRODUCTION

Test IA300 was conducted in the NASA/Ames Research Center 11x11-Foot Transonic
Wind Tunnel to determine the effects of Main Engine (SSME) and Solid Rocket
Booster (SRB) exhaust plumes on the integrated vehicle forebody surface
pressures and the elevon hinge moments and wing loads. The plumes were
simulated with cold high-pressure air supplied to the model through two strut
configurations. The single strut arrangement consisted of a faired strut
entering the bottom of the External Tank with smaller struts bridging be-
tween the ET and Orbiter and between the ET and each SRB. In the dual
strut configuration, an additional air-carrying strut entered the Orbiter

in place of the vertical tail. The strut between the ET and the Orbiter

was thus eliminated so that realistic flow could be simulated under the

Orbiter.

Plume power settings were determined by matching flight test data from
STS-1 through STS-4 to model base pressures. The model was then run through
an o/8 matrix at the appropriate power settings. The data were then used

to expand the data base for the IVBC-3 airloads analysis.

Solid plume shapes were mounted on the base of the Orbiter and on each SRB
to obtain additional data on correlation between solid plumes and gaseous

plumes.

The Mach range tested was from 0.6 to 1l.4. The angle of attack range varied

from -8 degrees to +4 degrees at sideslip angles of -4, 0 and +4 degrees.

Data collected during this test include readings from up to 373 surface
locations and 14 internal locations as well as wing loads (3-component) and

elevon hinge moments.



INTRODUCTION (Concluded)

This report contains information on the conduct of the test, details of

the model and instrumentation, all collected data and selected plotted

data.




NOMENCLATURE

SYMBOL MNEMONIC DEFINITION
o ALPHA Model angle of attack, deg.
Ap Base Area, ft2
AEEP1-5 AEEP1-5 Average external exit pressures
AIEP1-5 ATEP1-5 Average internal exit pressure
am Distance between bending gauge

electrical centers, in.

a2

AT Nozzle throat area, ins
b Span, in.
BASE Pseudo dimension for orbiter base taps
B BETA Model angle-of-sideslip, deg.
80 BETAO Orbiter angle-of-sideslip, deg.
BT BETAT External tank angle-of-sideslip, deg.
B.L. Butt line
BMy; Wing-root bending moment at inboard
gauge, in-1b
BMy Wing-root bending moment at outboard
0 gauge, in-1lb
By Win i -
g bending moment, in-1b
BREF Model wing reference span, in.
¢ MAC, in.
ChE CHEI Inner elevon hinge moment coefficient
Cheg CHEO Outer elevon hinge moment coefficient
CONF Model configuration designation
CNw CNW Wing panel normal force coefficient
Cpy CcP Pressure coefficient for model surface tap 1i.
CPB CPBO Orbiter base pressure coefficient
0
Co CPBET External tank base pressure coefficient
“BET



NOMENCLATURE (Continued)

DEFINITION

SYMBOL MNEMONIC
CPB CPBSL
SL
CPBSR
PBgr
CPRj
CRMW

Cty CTW

d

AB DELB

AELI

Dr

DE

m

§/o ELEVON

EPRj

n ETA
EXITPL
F.S.

Mg
VBC

Left SRB base pressure coefficient
Right SRB base pressure coefficient
Wing bending moment coefficient
Chamber pressure ratio for nozzle j
Wing torsion coefficient

Model centerline

Wing torsion moment coefficient

Distance from Y,=105 to electrical
axis of gauge #2, in.

Incremental angle-of-sideslip, gg - BT

Left inboard elevon deflection due to
load, degrees.

Left outboard elevon deflection due to
load, degrees.

Nozzle throat diameter
Nozzle exit diameter
Distance from Xo=130 to gauge #3, in.

Elevon deflection, deg.

Exit pressure ratio for nozzle j

Spanwise location on the model
component

Pseudo dimension for SRB exterior taps
Full scale

Elevon hinge moment, in-1b

integrated Vehiele Baseline Configuration

8




NOMENCLATURE (Continued)

DEFINITION

SYMBOL MNEMONIC
K
kigskyy7Ks3
Ka
KAE
Kapy
KaEo0
‘B
LE
LHS
LREF
M1,2,3
Mo, M MACH
SSME GIMB MEGIMB
SSME Noz  MENOZ
Mep_s ME1-5
Mp1_s MP1-5
M.S.
MFO
MFSL
) MFSR
mv/v
Ny
NOZNO

Elevon hinge moment constant, in-lb/mv/v
Wing balance constants (see Table V)

Wing bending deflection constant, deg/in-1b
Elevon deflection constant, degree/in-1b
Inboard elevon deflection constant, deg/in-1b
Qutboard elevon deflection constant, deg/in-1b
Reference body length, in.

Leading edge

Left hand SRB

Model body reference length, in.

Wing balance moment outputs, in-1b

Freestream Mach number
Main engine gimbal angle, deg.

Main engine nozzle deflection angle, deg.
Exit Mach Number

Plume Mach number

Model Scale

Orbiter mass flow

Left SRB mass flow

Right SRB mass flow

Millivolt per volt

Wing panel normal force, 1b

Dimension indicating nozzle number of
SRB taps



SYMBOL

§Ey,

Ser

Se

MNEMONIC

NOMENCLATURE (Continued)

DEFINITION

PELI

PELO

IB-ELV

OB-ELV

PHI

PAVG

PET

PSRBR

PT

PO,P

PSRB

PSSME

PLUMEX

PMTO
PMTS
Q(PSF).Q
RN/L

RHO

Left inboard elevon setting, corrected
for load deflection, degrees

Left outboard elevon setting, corrected
for load deflection, degrees

Inboard elevon deflection, deg.

Qutboard elevon deflection, deg.

Model angular cylindrical coordinate
position around the body, deg.

Average SRB external tap pressure

Plenum chamber pressure, psia

Chamber pressure for nozzle j, psia

Nozzle exit pressure, psia

Exit pressure for nozzle j, psia
External tank chamber pressure/Pe
Pressure at model surface tap i, psia
Right SRB chamber pressure/P,

Freestream total pressure, psf

Freestream static pressure, psf

LHSRB chamber pressure/Py

Orbiter chamber pressure/Pw

Plume extension length, in.

SSME nozzle wall deflection angle
SRB nozzle wall deflection angle
Freestream dynamic pressure, psf
Unit Reynolds number, million per ft.

Density, slugs/ft3

10




NOMENCLATURE (Continued)

SYMBOL MNEMONIC DEFINITION
RPE1-10 Internal exit pressure/P,
R1-5 External tank base pressure instrumentation

location, in.

R/Rp R/RT External tank base pressure tap location,
fraction of tank radius

z Summation
RPBO Orbiter base pressure/Pw
RPBET External tank base pressure/P,
RPBSL Left SRB base pressure/P,
RPBSR Right SRB base pressure/P,

S Surface area, in2
SP1-5 Similarity parameter
SREF Model wing reference area, in2
SRBGIM, Left hand SRB gimbal angle, deg.
SRB GIMB
SRBNOZ, Left hand SRB nozzle deflection angle, deg.
SRB NOZ

Te Plenum chamber temperature, °R
TE Trailing edge
TET External tank temperature, °R
TORB Orbiter temperature, o

TSRMR(L) Right SRB temperature, ©R (left)
Ts T, Freestream static temperature, °R
Ty TTR Total temperature, °r

TPM1-5 Individual nozzle wall deflection angles, deg.
(see subscripts)

TAPNO. Tap number

Wing panel torsion moment, in-1b

11



STMBOL

W,w
XCPW’YCPW
XBMy» YBMy
Xipe s YWre

X¢/p,X/Lp

X/¢,+Xv/Cy
X/Cy
X/Cpp

X/, ,
lT

X/lS,X/LS

X7
Zy
XN

Xo0,Yo,Z0

Xcpy

YCPW

X/Lt

MNEMONIC

NOMENCLATURE (Continued)

DEFINITION

TVC

WPHI

X/LB

X/CV

X/CcwW

X/CBF

X/LT

X/LS

XT
ZT

XN
X0,Y0, Z0
XMRP , YMRP,
ZMRP

XCPW

YCPW

Thrust Vector Control

Deflection of R/H wing panel in pitch plane
due to torsion moment, deg. (position LE up)

Water line

Mass flow rate, lb/sec

Wing center of pressure location, in.
Wing bending moment gauge location, in.
Wing reference center location, in.

Longitudinal location on orbiter body surface,
fraction of body length

Chordwise location on vertical tail, fraction
of local chord

Chordwise location on wing surface, fraction
of local chord

Chordwise location on body flap, fraction of
local chord

Longitudinal location on external tank body,
fraction of body length

Longitudinal location on solid rocket booster
surface, fraction of body length

Body station on the external tank
Vertical location on the external tank
Longitudinal location of tap on OMS nozzle

Orbiter body coordinate station in full scale
dimensions, in.

Location of the moment reference point in
the orbiter coordinate system, in.

Longitudinal location of the center of pressure
of the wing

Lateral location of the center of pressure of
the wing

12




NOMENCLATURE (Concluded)

SYMBOL MNEMONIC DEFINITION
Y Specific heat ratio (1.4 for air)
8 Nozzle wall angle, deg
v Prandtl-Meyer angle, deg

Subscripts

c Chamber

e Exit

i Surface tap number

3 Nozzle number 1 Center MPS
2 LHMPS
3 RHMPS
4 LHSRB
5 RHSRB

m Model

s Static

t Total

B Base, body

E Elevon

I Inboard

L/H,LH Left Hand

0,0,0RB Outboard, (Orbiter)

P Plume

RC Reference Center

S,SRB Solid Rocket Booster

T,ET, TANK External Tank

W Wing, wall

bl Static freestream

T Throat

13



REMARKS

Because of a suspected scanivalve malfunction, runs 34, 40, and 41 were
repeated with runs 43, 44, and 45, respectively. Difficulties in holding

a constant Mach number led to a rerun of sequences -9 through -12 of run

163 with sequences -13 through -16 of the same run. The data from the reruns

supersede the earlier measurements. This is reflected in the tabulated data.

The Mach number (1.05) for runs 403-408 was set by deflecting the flex

walls of the tunnel. Whether this incorrect procedure had any effect on
the data is not known. Standing shocks were observed just aft of the
model at M = 1.05 and 1.10 with power off. These may have affected some

base pressure data.

Prior to run 68, the ET chamber pressure measurements were made with an
uncalibrated transducer. A calibrated instrument was installed after
run 67 and the previous transducer was sent out for a post-test calibration.

All the earlier measurements were corrected accordingly.

Tap 76 on the orbiter base (35-degree nozzles, nominal gimbal angle)
was plugged inside the base plate. At some point between runs 163 and
251, the pressure measurements of tap 77 (also on the orbiter base) were

substituted for those of tap 76. The tabulated data have been corrected.

After run 379, a mix-up was uncovered in the measurements from the nozzle

exit pressure taps:




REMARKS (Continued)

Was on Should have been
Tap Channel on Channel
87 5 2 Pe (2)
88 6 5 Po (5)
89 2 6 Po (6)

An investigation led to the conclusion that this condition had existed
since the beginning of the test. The situation was corrected during the

model change after run 499 and all tabulated data have been corrected.

Some difficulties were encountered with the thermocopules located in the

four plenum chambers of the model. The instruments in both SRB plenums
were lost during the pretest high~pressure system trials. No attempt
was made to repair them. Earlier ET plenum temperatures had been

registering within one or two degrees of the SRB temperatures and were
considered sufficiently accurate to compute the mass flow rates of the
SRB nozzles. No orbiter or ET plenum temperature measurements were

available during the following runs:

Orbiter ET
33-161 163-561
563-813

During the first major model change in preparation for the second phase
of the test, four strain gauges were lost: the lower rear strut, the
inboard elevon hinge moment, the wing torsion, and the inboard wing
bending. Although the last appeared to have been recovered for runs 818

through 878, the inboard wing bending data for these runs should be treated

15



REMARKS (Concluded)

with caution. None of the other three gauges was recovered for the

remainder of the test.

Elevon deflections were measured whenever a change in elevon setting was
called for during the test. The results of these measurements are listed

in Table III.

Base pressure matching was obtained for all but the lower priority conditions
of Mach 0.6 and 0.8. However, the data from these Mach numbers can be
extrapolated from the ten percent low value to the matched condition.

The power-on elevon effectiveness tested indicated that a complete elevon
deflection series was not required. Accordingly, the test was limited

to three sets of elevon deflections. The results of preliminary analysis
tend to support the thesis that plume effects account for a significant
portion of the differences between flight measurements and predicted

aerodynamic values.

16




CONFIGURATIONS INVESTIGATED

The model tested was a 0.010-scale replica of the Rockwell International
Space Shuttle launch configuration. The 75-0TS model had the capability
of simulating the rocket plumes generated from the SRB and SSME systems

by directing high-pressure air through pre-calibrated flow-through nozzles.
The launch configuration (orbiter, external tank (ET), and solid rocket

boosters (SRB)) is depicted in Figure 2a.

The Orbiter was a blended wing-body with a double delta-wing planform and
full span elevons with an interpanel gap between the inboard and outboard
panels. A single centerline vertical tail with rudder and/or speedbrake
capability was mounted between the two OMS pods, and a single body flap
was fitted on the lower trailing edge of the fuselage. The rudder/speed-
brake and body flap were not deflectable on this model. The orbiter model

was generally in accord with the VC70-000002 configuration control drawing.

In the dual strut configuration, the vertical tail was replaced by a dorsal
strut supporting the orbiter and housing the instrumentation as well as the
high-pressure air flow passages. In the single strut configuration, the
orbiter was supported from below by a similar strut which eliminated the

ET/orbiter umbilical doors and cavities.

The orbiter was instrumented with 216 surface pressure taps distributed
over the fuselage, wing, vertical tail, and body flap. The right-hand
wing and elevons were mounted on strain-gauged beams to measure forces

and moments.

17



CONFIGURATIONS INVESTIGATED (Continued)

The External Tank was modeled to conform withICD~2-00001/IRN 0078 for

the Light Weight Tank. The tank had a cylindrical cross section with

an ogive forward section blending into a 40° conical nose with the biconic
nose spike. The 75-0TS ET was originally modeled to the inner mold

line (331" diameter) and remained at this diameter for test IA300. All
significant protuberances and interstage hardware of the Light Weight

Tank were simulated except where interfered with by the support struts
carrying the instrumentation wiring/tubing, and the high-pressure flow

passages.

The Solid Rocket Boosters simulated the configuration defined in the
shuttle configuration control drawing VC-77-000002. Protrusions and
penetrations were simulated with the exception of the forward separation
motors and the proposed TVC pod on the aft skirt. The gaps between the
SRB's and the ET were bridged by the struts which housed the high-pressure

air flow passages and instrumentation lines.

The model was designed, fabricated, and instrumented by and under the
direction of the North American Aircraft Operations model shop of Rockwell
International. The model was fabricated of ARMCO 17-4 steel stock with
the exception of the fasteners, seals and instrumentation. As a minimum,
each element of the model was designed to a safety factor of 5 based on
the ultimate strength of the material, or 3 based on the yield strength.
All high-pressure air chambers and passages were proof tested to 1.5 times

the working pressure,

18




CONFIGURATIONS INVESTIGATED (Continued)

The model was supported by two support system configurations during the

three phases of the test. The initial installation was on the dual

strut configuration which allowed the interstage area between the orbiter

and ET to be simulated without interference. The single strut configuration
was installed in order to measure the pressures on the upper fuselage, upper

wing, and vertical tail, with proper upper surface simulation.

In the dual strut configuration, the ET and SRB's were supported, as in

the single strut configuration, on a strut entering the lower surface of

the ET. The high-pressure air for the SRB's was supplied through this
strut. The pressure instrumentation tubing for the ET and SRB's was routed
through the leading edge of the same strut to scanivalves mounted on the
horizontal support beam below. The orbiter was then supported on a second
strut entering the upper fuselage surface and replacing the vertical tail.
The SSME's were supplied with high-pressure air through this dorsal strut.
The orbiter instrumentation was routed through passages in the leading and
trailing edges of this strut to scanivalves mounted on the upper horizontal
support beam. In this configuration, the Orbiter/ET attach hardware and
significant protuberances and cavities in the interstage region were
simulated. The attach hardware, however, was non-load bearing, terminating
in a "soft” attachment to the orbiter. The dual strut configuration is shown

in Figure 2c.

In the single strut support system, the total launch configuration was
supported from the lower sting and blade strut assembly which entered the

lower surface of the ET. In this configuration, the strut continued through
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CONFIGURATIONS INVESTIGATED (Continued)

the ET to support the SRB's and Orbiter and to supply high-pressure air

to the SRM's and SSME's. The Orbiter and SRB instrumentation tubing and
electrical leads were routed to the ET and on down through the leading

and trailing edges of the strut to scanivalves and a wiring harness mounted
in the lower horizontal support beam. Although the interstage struts

were faired fore and aft, they still presented significant interference
with the flow fields in these regions. The single strut installation is

shown in Figure 2b.

The Orbiter was modeled of ARMCO 17-4 steel with all significant penetrations
simulated. The aft fuselage contained the plenum chamber for the SSME

flow system. For ease of manufacture, the base of the model was simulated
with a flat base plate inclined at 13° to the vertical, rather than the
100/16o aft surface on the full-scale vehicle. A total of seven base plates
were provided: three for the gimbal angles associated with the high-simulation
parameter nozzles, three for the gimbal angles associated with the lower

similarity parameter nozzles, and one for the solid plumes.

The right wing was made with the panel integral with a three-component
strain-gauged beam to allow root bending moment, root torsion moment and

panel normal force to be measured. The .015-inch gap to the orbiter fuselage
was sealed. A labyrinth seal minimized flow through the wing isolation

gap. The right wing was provided with plain bearing hinged deflectable
elevons with the inner and outer panels supported in torsion by individual

strain-gauged beams to allow elevon hinge moments to be obtained. The
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CONFIGURATIONS INVESTIGATED (Continued)

elevon was made with a cylindrical section lower gap and a conical section

upper gap with centerlines on the elevon hinge line so that the elevon

gap remained constant with deflection. No attempt was made to simulate
the elevon flipper doors. However, the elevon hinge line was sealed
after each deflection bracket change. The elevon deflections were individ-

ually set by discrete brackets which attached to the elevon panel and to
the gauged beam with a .066 —inch square pin through the bracket and the

beam, the angle of the square hole in the bracket determining the deflection.

The ET was constructed of four shell-like pieces which fit around the blade
strut and ET plenum chamber. They were removable without dismantling the
strut and flow system assembly in order to gain access to the tubing from
the 77 pressure taps in the ET base and forebody. All significant pro-
tuberances of the Light Weight Tank Configuration were simulated. The

simulated attach hardware for the SRBs and the Orbiter were non-load bearing.

Each SRB was fabricated as a cylindrical body with the skirt and nozzle
attached to the aft end of the cylinder. High-pressure air from a central
plenum chamber in the External Tank, was ducted to each side through inter-
stage struts to a single axial passage in each booster, and hence to the

SRB plenums and nozzles.

Two sets of nozzles were provided: one set to obtain high-similarity parameter
values and the other for lower values. Gimbal angles of zero and two
degrees were achieved by inserting calibrated shims between the nozzle

and the plenum chamber.
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CONFIGURATIONS INVESTIGATED (Concluded)

Pressure tubing from the SRB and nozzle exit taps was routed along the
outside of the booster body under an access plate and into the External

Tank under the fairing at the front of the interstage strut. Both the

right and left SRB's had pressure instrumentation. The small protuberances
on the SRB body were simulated; these included the external stiffeners on
the skirt, aft stiffening rings, cable tunnel front attach lug and camera/

data package.

The SSME solid plume aluminum model consisted of two separate configurations,

either of which could be attached to the base of the orbiter after the

nozzles were removed. One configuration was machined to approximate the
shape of a nozzle plume while the other, the dummy sting, represented a

cylindrical body with a shallow cone (3035‘) extension.

The SRB solid plume model consisted of a conical body with a small disc
attached. The model was designed so that the longitudinal position of

the cone/disc relative to the SRB base, could be varied.
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INSTRUMENTATION

Model-mounted pressure instrumentation consisted of two scanivalve
assemblies used to measure up to 373 surface pressures. One scanivalve
assembly was mounted on the side of the lower horizontal support beam and
was used to measure pressures on the ET and SRB's. The other scanivalve
assembly was used to measure Orbiter pressures and was mounted on the
upper horizontal support beam for the dual strut installation, or on the
lower beam for the single strut configuration. Surface pressure locations

are shown in Figures 2d and 2e and are listed in Tables VIL. VIII and IX.

Pressure readings in the 4 model plenum chambers and the 10 nozzle exit
pressures were read on individual transducers mounted in the tunnel support
strut. Temperature readings in the 4 model plenums were made using

Chromel-Constantan thermocouples.

The right-hand wing of the Orbiter was mounted on a 3-component strain-
gauged beam to measure shear, bending moment and torsion about the wing
root. The right-hand elevons were gauged to measure torsion about the
hinge. The two model support struts were gauged to measure deflection
so that true yawand pitch angles of the separate components could be

determined during the dual strut installation.
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TEST FACILITY DESCRIPTION

The Ames Research Center Unitary Plan 11 by 11-Foot Transonic Wind
Tunnel is a closed-circuit, air-medium, variable-density facility
capable of attaining Mach numbers from 0.4 to 1.4 at Reynolds num-
bers from 1.7 x 10%/ft to 9.4 x 10%/ft. The test section is 22 feet

long, and models are installed on internal strain-gauge balances

mounted to sting-type support systems.

Shadowgraph and Schlieren photographic equipment is available, and

pressure transducer instrumentation is provided.

Tunnel operating temperature is 580°R. Extended high Reynolds number .

runs are restricted by power availability.




TEST PROCEDURES

The test was conducted in three phases: dual strut, single strut, and
solid plumes. This last phase employed the single strut configuration with

solid plume models replacing the Orbiter and SRB nozzles.

Power calibrations were carried out to determine the settings required

for base pressure matching. The plenum chamber pressures were varied para-
metrically between 300 and 1800 psi and the data compared with the resulting
pressure variations on the Orbiter, ET, and SRB bases. The pressures achieved
in the plenums as a function of the ARC auxiliary air system pressure are
shown in Reference 5. All calibrations were conducted at constant Mach
number, a = -4 degrees, B = 0 degree, with the nozzle gimbal angles at their
nominal settings, and the elevon deflections held at 10/9 degrees. One
complete calibration covering each of the ten test Mach numbers was performed
for each basic configuration. In the first one, the SSME base plate was
equipped with 22-degree wall angle nozzles. An additional abbreviated
calibration covering six Mach numbers from 0.6 to 1.10 was performed in the

dual strut phase, with 35-degree nozzles replacing the 22-degree SSME nozzles.

Using the required power settings, a sweep through a 12-point o/f matrix

(o = -8 degrees to +4 degrees, 8 = -4 degrees to +4 degrees) was performed

at each Mach number. Each sweep was repeated with the power turned off.
This procedure was used for three sets of elevon deflections: 10/9, 8/9, and
10/5 degrees, with the engine gimbals set at "nominal." An abbreviated 6
point o/B sweep, power-on and power-off, was performed for five combinations
of SSME and SRB gimbal angles, keeping the elevon deflections at 10/9 degrees.

This entire procedure was duplicated in each of the first two phases.
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TEST PROCEDURES (Concluded)

In the third phase, the same 6 point «/B matrix was tested for each of the
two SSME solid plume models (Cl and C2), with the SRB plume model, Bl,
located at three finite distances from the base. The larger SRB model,
B2, coupled to the SSME C2 model was tested at only two Mach numbers, viz.,

1.25 and 1.40.

The specific combinations of run number, Mach number, model configuration,
orientation, and elevon and engine deflections for each phase are shown in

the Data Set/Run Number Collation Summary, Table II.
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DATA REDUCTION

The data reduction procedures used during test TA300 involved the calcu-
lation of pressure coefficients for surface pressures, weighted base
pressure coefficients for each component, nozzle pressure ratios and various
nozzle parameters, wing loads and elevon hinge moments. The equations used

are listed below:

All local static pressures were reduced to pressure
coefficient form.

CP; = (Pyx144 - Px)/q

An area-weighted average pressure was computed for the
base of each of the launch vehicles elements, i.e.,
orbiter, ET, and SRB

cpy = & [(cp,), x Ai/an]

vhere ZA; = AB
Ai = area weight for ith tap

. -

AB_s base area

Wing Center of Pressure was determined by

c
X = - TW [od W
CPy x"ac c

Y

c
Yp Yy LB oby

Wing Angular Deflection computed és follows:

8 _ = 0
Due to bending, . ( w )

¢y = Ky x BMy
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DATA REDUCTION (Continued)

The hinge moments for both the inboard and ogtboard
elevons and their coefficients were computed:

HM_ = K [mv] + offset (see Table VI)
E 2
G = He

Elevon Deflections were computed as follows:

= K x H (see Table VI)
AELI AEI M.EI

AR = K x
L AEO HMEO

0
8 = § + AE
B Tty
) =g + AE
L, E Lo

The wing strain gauge balance data were corrected
for interactions using the primary gauge sensitivities
and the interaction coefficients given by:

om.
k.. = i
1] _353" (see Table V)
i=1,2,3
i=1,2,3

where the three values of m are functions of the

raw output of the gauges.

Using the output of the three flexures as irerated

(Mg, M2, and M3) by ARC procedures, and the transfer distandes
a,, d, and en, the wing normal force, bending and torsion
moments, and their coefficients were computed as:

My - Hz
* — 1bf
A im

Mz + (M; - M, )d in-1b
3

&

"3
]

M3 + (M; - M,)en in-1b

am
C. = Ny

»

B, " q Sy by

CT = Ty
W q Sy cy
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DALA REDUCTION (Continued)

The blowing systems were monitored at two nominal
stations, upstream of the nozzle (chamber pressure)

and at the nozzle exits.
CPRj = ch /Pm

EPRj = Pej/Pm

A correction was applied to the measurements from

the ten nozzle internal exit pressure taps to allow
for the distance (4X) of the taps from the exit planes.

Po = Po. (ki)
j j meas.

The mass flow rates were computed for each of the
five flow-through nozzles. The results for the three
SSME nozzles were summed to yield a total flow rate

for the SSME System.
= PC‘
Wj 0.53185 AT j 1b/sec

Te;

The value of the similarity parameter (SP) for each
floy-through nozzle was computed at every data point

MP.CSP
SP., =
Jj M.ZSY
e,
i
where F . o U ¥
Pe.
Mp. 1 2|1 =i} 24
L P !
L L. L
=i
B - p 1 &
MeJ . (_ii) -1
Y-1 | \Pg.
5 L o] 4

8§5. = Vp: —Va. + 9.
Py T TRy T Ve v UM

and P, is the average static pressure on the external

surfade of the nozzle i

Pe. is the average nozzle exit (internal) pressure of
nozzle j.
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DATA REDUCTION (Concluded)

Data Reduction Constants

Sngol Full-Scale Model Scale
Ay 597.6 ft? .05976
T
Ay 301.0 ft? .030i0
0
Ay 235.0 ft* .02350
S
b, 936.68 in 9.3668
c, 474.81 in 4.7481
28 1290.3 in 12.903
Sy 2690G.0 ft? L2690
1307.0 in 13.07
waC
Y, 105.0 in 1.05
RC
Sg 210.0 ft? .0210
Cg 90.7 in .907

Table X displays those data points which were identified as erroneous,

subsequent to the initial test processing and data release.
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TABLE 1

TEST ¢ TA 300

TEST CONDITIONS

DATE $22 Aug 83

REYNOLDS NUMBER

DYNAMIC PRESSURE

STAGNATION TEMPERATURE

MACH NUMBER (per unit length) (pounds/sq. ft) | (degrees Fahrenheit)
0.6 3.5 x 10° 410
0.8 4.0 615
0.9 4.2 700
0.9S 4.2 740
|} .OS 4.4 806
1.10 4.b 825
1.5 4.4 854
1.258 4.4 890
I .30 4.3 896
| .40 4.2 900

COMMENTS:

BALANCE UTILIZED:

NF
SF
AF
PM
RM
M

3- Covvs?onew"' Wing Ba lowce only

CAPACITY:

H
\\

ACCURACY:

COEFFICIENT
TOLERANCE:
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15

4

48
101
163
220
251
287
563
436
694
818

NOMINAL
DEFLECT

18/9
10/9

8/9
10/5
1C/9

8/9
10/5
10/9
10/9

8/9
10/5
1379

*Not mecsured.

TABLE TIII

ELEVON DEFLECTION MEASUREMENTS

RHS

(IA-300)
LHS

IONS °E1 *E °E1
10.1 9.0 9.2
16.1 9.0 9.7
7.85 9.0 7.85
10.0° 5.0° 10.7
10.0° 9.1 10.7
8.7 9.1 8.7
9.6 5.9 10.0
9.6 8.6 10.0
10.8 7.6 10.9
8.0 7.6 7.5
10.4 5.4 9.9
9.9 8.9 9.9
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TABLE IV

NOZZLE DIMENSIONS

POSITION GIMBAL
1 NOMINAL
2
3
1 NCMINAL
2
3
1 2© UP
2
3
1 5°-DOwWN
3
©),
LHS N/A

RHS (Theor.) N/A

Wall angle (degrees)
Throat diometer (inches)
Exit diometer (inches)

21.

21

35.
35.

35.
35.

35.
35.

35

34

35

Cw
72
.72

23
.23
23

23
.23
23

23
23
.23

.86
.0

.4075
.4048
.4048

L4412
4413
4415

.4409
L4472
L4417

441

L4409.

L4411

.7C53
.7052

1.4430
1.4565




TABLE V

WING BALANCE CONSTANTS

SLOPE UNITS
(+) ‘(=)
kii 137.7019 137.9824 IN-LB/MV/V
(.0072621) (.0072473) MV/V-IN-LB
ki, 0 0 IN-LB/IN-LB
kg 0.004591 0.021629 IN-LB/IN-LB
kai 0 0 IN-LB/IN-LB
k22 119.6414 127.1124 IN-LB/MV/V
. (.6583569) (.0078471) MV/V*IN-LB
k23 -0.025443 -0.020671 IN-LB/IN-LB
kgy -0.033694 0.067012 IN-LB/IN-LB
ka2 -0.009939 -0.118055 IN-LB/IN-LB
ks 222.725 223.264 IN-LB/MV/V
(.0044898) (.0044790) MV/V.IN-LB
X, = V.3070 in. op = 0.5238 in,
X, = 1.8308 in. em = 1.170 in.
d = 0.7808 in.

NOTE: NUMBERS IN PARENTHSES ARE RECIPROCALS
PRIMARY SENSITIVITIES
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TABLE VI

ELEVON HINGE MOMENT AND
DEFLECTION CONSTANTS

HINGE MOMENTS

TE UP TE DOWN UNITS
Ky 0.84444 | 0.87592 IN-LB/MV/V
Ko 2.78000 | 2.77218 | IN=LB/MV/V
! |
DEFLECTIONS
ELEVONS | TE uP TE DOWN UNITS
Kog 0.74928 | 0.48029 DEG/IN-LB
I
Kakg 0.70645 | 0.82079 DEG/IN-LB
WING { UP LOAD| DN. LOAD UNITS |
Ky 0.00044 | 0.00040 DEG/IN-LB |
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TABLE VII. Orbiter Pressure Instrumentation
a. Fuselage
Taun \ = A o Y AV P I
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Table VII. (Continued)

b. Wing

, . . e e e e
5 N b
TPl Y, (. | 7 T 2P e 0T X
: . S B w
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SR
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Table VII. (Continued)

b. (Coneluded)

- i N |
Lo o I v/ \ \, ’4
il Yo, fou ] 1 Hew ijo o | Tonn { K4 Cw
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TABLE VII. (Continued)

c. Base

WL f;: ¢
Zo |-/.30|-/07 |-1.03 |-.78 |-.55 |-.38 | ©
3.02 70 | 67 ¢8| 67
 3.40 71/

3.76 72 |
4.00 ¢ |
4.05 76 |
4./0 77 |
£ /4 73

4.39 77 74

4.¢5|78

4,78 75

5. 14 §0
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LRIOO VERIICAL TA/L PRESSURE

Table VII.

(Continued)

d. Vertical Tail
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Table VII1.

Instrumentation

a. B

arrel

External Tank Pressure

ek DiA. 33/ _F 5.

X _~ A7 S.

Bre) Py s | Mg YO.10 L L0 I%.0C 1S 0 Kt D00 17.)7.;4:“?/,_37” #c 2081
¢7 16SY | O ] o — - = —{ — (Kol 2Zs0}
25 11,499 | £97 IS R PO DO AN N DU BT Y 4 |
30 _ 14433 | .27 ] 4o 4 j7e3] 11632003
£O | . 027 (/433 _ | ] o d L ey oy Reod
90 | o _lrés5 I U B A /4ac_l7e4-/.ra(.]mc'zoo4
W25 (=43¢ (/. 629 o _yee7] _

139 =t20 L4700 | | ] ___ | YecBi70t lb0d 198] Zeod)
/5§3.5 11,529 . 633 1009 /709 120001300, _ | _.,ILQ?.'U&L___J?_‘_?J&Q?
ABO_1=1.6S3 | O o1l 1111 RIS (18111911 051 1601 (1901 /://!11// gzo//
}95 |-1.529,—.633 Jei2 /) arayisi2) | | _ | _ |
28 =t 170 =170 7618 /713 1413 19/3 20/;
292.85|= 633 |-1.529] _ ] J6/¥ 1) 214

20l o Lress] |1 | _J. |. bshusiwsiivszod
350 /.62 --287) _|_ _|._ S A R ISR NN AU L0 N -T-T)

71



Table VIII,

(Concluded)

b. Base
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TABLE X

. TIA300 Bad Point Data
Component Identifier 8 a Tap Number
Orbiter Fuselage AAZ027-
AAZ098
AA7160- ALL ALL 30
AAZ263
AAZ069 0 -8 5-16,24-30,47-58
62,63,65
AAZ079 0 0 5-16,24-32,47-58
63
AAZ169 0 4 5-16,24-32,47-52,53,
55-58,60-61,63,65
AAZ184 0 -4 5-16,24-29,47-63,65
AAZ360 0 -8 ALL
Body Flap BAZ069 0 -8 ALL
(Upper) BAZO79 0 0 38
BAZ159 -4 -8 39
BAZ184 0 -4 38,39
BAZ337 4 -4 22
BAZ339 0 4 22
‘ BAZ360 0 -8 ALL
B?dy F1§p CAZ027~
Lower CAZ098
CAZ160- ALL ALL 35
CAZ263
CAZ069 0 -8 ALL
CAZ079 0 0 ALL
CAZ169 0 4 ALL
CAZ184 0 -4 ALL
CAZ337 4 -4 36
CAZ360 0 -8 ALL
Wing-Upper EAZ069 0 -8 205,211,215-217,
Surface 225-227,232,241-244
249,250,259-266,
275-279,285-288
EAZ074 4 -8 217,232,249,265,
278,279,287,288
EAZO79 0 0 205,211-217,225-227
232,241,242,244 ,245
249,250,259-266,
275-2717,279,285-288
EAZ169 0 4 205,211-217,225-232,
241-250,259-262,
. 265,266 ,275,279
285-288
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Component

Wing-Upper
Surface
(Cont'd)

Wing-Lower
Surface

Left OMS Nozzle

Table X (Continued)

Identifier

EAZ184

EAZ337
EAZ339
EAZ360
EAZ304~
EAZ406

EAZ027-
EAZQ98

EAZ160~
EAZ263 .

FAZ069

FAZ074
FAZQ79

FAZ169
FAZ184
FAZ337
FAZ099~
FAZ159 |
FAZ264>
FAZ406
FAZ244~
FAZ263
FAZO93- ]
FAZ153 1{.
FAZ264~
FAZ364
IAZ069
1AZ074
1AZ079
IAZ169
IAZ184
1AZ337
IAZ339
1AZ360

e

OO~

ALL

ALL

OO

ALL

ALL

ALL

OCOPOOOPO o

76

ALL

ALL

-4
ALL

ALL

Tap Number

205,211-217,225-227
231,232,241-250,
259-266,275-279,
285-288

243

243

ALL

288

216

210,218-224,233-236,
239,240,251-258,
267-274,280-284,
289-292
223,239,257,273,284
210,218-224,233-236,
239,240,251-258,
267-274,280-284,
289-292

ALL

ALL

220-223,282,289

258

252

282
ALL

ALL
ALL
93

ALL
ALL
ALL
ALL
ALL




Table X (Concluded)

Component Identifier B o Tap Number
Right OMS Nozzle  JAZ069 0 -8 ALL
JAZO74 4 -8 ALL
JAZ079 0 0 ALL
JAZ169 0 4 ALL
JAZ184 0 -4 ALL
JAZ337 4 -4 ALL
JAZ339 0 4 ALL
JAZ360 0 -8 ALL
Vertical Tail KAZ337 4 -4 401-403,406-408,
(Left Side) 413-415,422-424
KAZ360 0 -8 ALL
Vertical Tail LAZ337 4 -4 ALL
(Right Side) LAZ339 0 4 ALL
LAZ360 0 -8 ALL
External Tank MA2027+* ALL ALL 1808
MAZ406
MA2264+‘ ALL ALL 2011,1112,2015
MAZ406
MAZ069 0 -8 ALL
MAZ074 4 -8 ALL
MAZ079 0 0 ALL
MAZ184 0 -4 1311,1312,1411,1511,1606-1608,
1611,1613-1615,1703,1706,
1708,1711,1713-1715,1806,1808,
1811,1813,1815,1901-1903,1906,
1908,1911,1913,1915,1919,2001,
2003,2006,2008,2011,
2013,2015,2019
MAZ360 0 -8 ALL
Left Hand SRB 0AZ069 0 -8 ALL
0AZ074 4 -8 3050,3085,3095,
3115,3135
0AZ079 0 0 ALL
0AZ169 0 4 ALL
0AZ184 0 -4 ALL
0AZ360 0 -8 ALL
Right Hand SRB SAZ069 0 -8 ALL
SAZ079 0 0 ALL
SAZ169 0 4 ALL
SAZ184 0 -4 ALL
SAZ360 0 -8 ALL
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Positive Aero Forces [ “inge
Deflection of Angle and Moments ’ Mament
Rudder, S5r +B8 , - ‘ *Cy , -C, -Ch o
Elevon, 8e -a , -6 -Cg Che

. -C

Right, dep -¢ -Cy ; he,

Left, 88L +d +Cy 'CheL
Aileron, 83 - +Cy

L] - ; - “Ch
Body Flap, bf a , -8 Ca hf

Control Surface Deflections
Figure 1. Concluded.
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a. Single Strut Installation -~ front quarter view

Figure 3. Model Photographs
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e. Dual Strut Installation - front quarter view

Figure 3. (Continued)
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Appendix
Tabulated Force Data (Microfiche only Volume II)

(See page 58 for Component breakdown)






